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Abstract

Refrigerated meat is among the most accessible food products for human consumption. Among different types of
meat, poultry and pork are most frequently associated with cases of foodborne illness worldwide, often resulting from
contamination with zoonotic bacteria. This underscores the critical importance of maintaining high levels of biosecurity
throughout the entire production, processing, and marketing chain of poultry and pork meat. Based on the above, the
purpose of this research was focused on establishing the presence and diversity of Enterobacteriaceae bacteria in
refrigerated meat collected from commercial units of Balti municipality, Republic of Moldova. The research was
carried out on samples of refrigerated poultry and pork meat and for the isolation of bacterial flora, selective and
differential cultural media were used for Gram-negative bacteria. Identification was performed by MALDI-TOF
method. The analysis of bacterial species distribution isolated from poultry and pork refrigerated meat samples revealed
a clear predominance of bacteria belonging to the Enterobacteriaceae family (83%), which indicates enteric
contamination, most likely associated with unhygienic handling during slaughtering, a possible deficient processing, or
improper storage conditions. The most commonly isolated microorganism was Escherichia coli (25%), followed by
Proteus mirabilis (18%), Morganella morganii (10%), Hafnia alvei (6%), and Escherichia albertii (5%). The isolation
frequency decreased to 3% for Citrobacter braakii, Klebsiella oxytoca, Moellerella wisconsensis, and Raoultella
ornithinolytica. Other sporadically isolated Enterobacteriaceae were Citrobacter amalonaticus, FEnterobacter
hormaechei, Klebsiella pneumoniae, Providencia rustigianii, Serratia liquefaciens, Proteus vulgaris and Escherichia
fergusonii. Regarding non-Enterobacteriaceae species, the most frequent was Aeromonas veronii (11 isolates),
followed by Plesiomonas shigelloides (3%), Acinetobacter hemolyticus (2%) and Acinetobacter baumannii (1%).

Although major enteropathogenic bacteria were not identified, enteric contamination remains a relevant indicator for
food safety, justifying the need for strict hygiene control, modernization of diagnosis, and expansion of monitoring at
the national level
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INTRODUCTION
The increasingly frequent consumption of

fresh or insufficiently cooked foods is considered
the main cause of foodborne diseases at the global
level and is associated with multiple outbreaks
caused by bacterial pathogens (WHO, 2023). With

public health concern, especially regarding the
consumption of poultry meat, which is highly
susceptible to contamination by zoonotic and
opportunistic bacteria (Junaid et al., 2022).
Microbial ~ contamination  reflects  hygiene
conditions along the food chain as well as the

the constant increase in poultry meat consumption
worldwide and the large variety of poultry meat
products and consumer demand, ensuring the
microbial safety of poultry carcasses and cuts is
essential (Mandujano-Hernandez et al.,, 2024;
Rodrigues et al., 2022). Food safety is a major

misuse of antibiotics in animal production (De
Jong et al., 2023; Ayinla et al., 2023; Wardoyo et
al., 2025).

Raw meat is an important reservoir of
numerous pathogenic and opportunistic
microorganisms, posing a risk to both animal and
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human health. It is also a valuable source of
protein, and its nutritional composition,
characterized by high water content and favourable
pH, creates conditions that can promote the growth
and multiplication of pathogenic bacteria (Bantawa
et al., 2018). The main Gram-negative pathogens
associated with raw meat are Escherichia coli
(including Shiga toxin-producing strains — STEC),
Salmonella spp., Campylobacter jejuni, while the
Gram-positive ones include Listeria

monocytogenes,  Staphylococcus  aureus, or
Clostridium perfringens (Juncu et al, 2021;
Britfelan et al., 2025). These microorganisms may
originate in the gastrointestinal tracts of animals
and can contaminate meat during slaughter,
evisceration, and processing, or through contact
with contaminated equipment, surfaces, personnel,

and environments (Lianou et al., 2017).

Recent reports have highlighted the increased
particularly
Escherichia coli and Klebsiella spp., with potential
risks for public health (Giri et al. 2021; Lemlem et
al., 2024; Rodrigues et al., 2022).

In recent years, the need for enhanced
surveillance of animal products and the associated

prevalence of Enterobacteriaceae,

risks has increased, as it is essential to ensure
consumer
beyond
inspection practices (Laukkanen-Ninios et al.,

adequate
interventions

protection through
traditional ~post-mortem

2022). For example, animals used in the meat
industry could potentially be at higher risk for
harbouring pathogenic bacteria that can affect food
safety. Therefore, continuous monitoring of the
presence of microbes and early detection of
pathogens continues to be a valuable tool for
assessing the risk of contamination of foods and
preventing the occurrence of foodborne illnesses.
Additionally, the integration of new methods of
veterinary control, such as detailed microbiological
analysis and the use of biosecurity measures,
traceability systems and sanitary/hygiene protocols
throughout the production chain, will assist in
decreasing the number of foodborne illnesses and
increase the safety of products derived from
animals for human consumption. Both of these
elements are important for protecting public health.
(Bratfelan et al., 2025).

The area of food safety in the Republic of
Moldova is currently undergoing a constant

89

process of modernization, as a result of the
necessity to follow the requirements and standards
of the European Union (EU). In this regard, the
harmonization of  legislation the
implementation of sanitary and veterinary control

and

actions have contributed to the increasing number
of food products that are being placed on the
European market The Republic of Moldova has
increased the surveillance of official controls at
different levels of the agri-food chain, including
the labelling of food products, according to EU
regulations, and has also clearly identified the
responsible competent authorities. A new Law on
Official Controls has been enacted, which will
allow a considerable convergence of the EU
acquis.
testing methods has been completed at the national
reference laboratory. Nevertheless, the Republic of
Moldova must have a national network of
laboratories and a multi-annual control program
aligned to the requirements of the EU acquis to be
able to implement the microbiological criteria for
food of animal origin (EC, 2025).

This study screened for pathogenic Gram-
negative bacteria in refrigerated raw poultry and
pork meat from Balti, Republic of Moldova, to
potential risks associated with their
The findings provide valuable
insights into the current food safety status of
animal-derived products in the country and offer
data that can

Accreditation of new microbiological

assess
consumption.

support the enhancement of
microbiological monitoring programs, in line with
European Commission recommendations.

MATERIALS AND METHODS

During June—July 2025, a screening of
Gram-negative bacterial microbiota was carried
out on 13 meat samples (poultry meat, poultry/pork
meat, pork meat), collected from commercial units
in Balti city from Republic of Moldova, and
transported under refrigeration conditions to the
laboratory. Qualitative microbiological screening
does not require quantitative reports, but for an
objective analysis, 10 g of the sample was
distributed into 90 ml of liquid culture medium.

For Enterobacteriaceae, the first stage of
isolation consisted of pre-enrichment in peptone
water at 37°C under aerobic conditions for 24
hours, after which the samples were plated on
selective media: MacConkey (Oxoid), Eosin-
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methylene blue (EMB, Levine, Oxoid, UK), and
Xylose lysine deoxycholate agar (XLD, Oxoid,
UK). For the isolation of Campylobacter species,
Campylobacter-Karmali Agar (Oxoid, UK) was
used and incubated under microaerophilic
conditions at 42°C. Each colony type was
subcultured on Columbia Agar (Oxoid, UK) to
obtain pure cultures.

Identification of isolates was performed
using MALDI-TOF MS (Bruker Daltonics GmbH,

Bremen, Germany). Sample preparation for
MALDI-TOF MS analysis was performed
according to the manufacturer’s instructions.

Spectra were analysed using the MALDI BioTyper
1.1 software, and the obtained spectral data were
compared to the MALDI Biotyper database.
Samples that showed identification scores >2.0
were considered conclusive at the species level and
were included in the final microbial screening
analysis.

RESULTS AND DISCUSSION

The surveillance of microbial communities
present in meat for consumption remains a priority
for specialists involved in public health. In the
present study the microbiological investigations
highlighted that the meat samples collected from
the Balti area (Republic of Moldova) are exposed
to Gram hegative bacteria contamination (Fig. 1).
The analysis of the distribution of bacterial species
isolated from poultry and pork meat samples
revealed a clear predominance of bacteria
belonging to the Enterobacteriaceae family (83%),
suggesting enteric contamination, most likely
associated with poor hygienic practices during
slaughtering, deficiencies

inadequate storage conditions.

in processing, or

Number of strains per species (Enterobacteriaceae vs Non-Enterobacteriaceae)
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Figure 1. Distribution of Gram-negative bacteria
isolated from raw poultry and pork meat samples,
grouped  as and
Enterobacteriaceae strains

Enterobacteriaceae non-

The occurrence of these microorganisms
appeared independent of the meat type (poultry,
pork, or mixed poultry/pork), as the bacterial
species detected were consistent with the common
spectrum of recognized foodborne contaminants.

Escherichia coli (25%) was the most
frequently isolated species, followed by Proteus
mirabilis (18%), which indicates a significant
exposure to various sources of contamination.
These species are recognized as indicators of food
and water safety (Crespi et al., 2025) due to their
remarkable ability to survive in food, particularly
in minced meat (Mitchell et al., 2015; Parvin et al.,
2020). These species are part of the normal
intestinal microbiota of mammals and aquatic
animals (Donnenberg, 2013), and most strains are
harmless (Zarei et al., 2021). There are also
serotypes recognized for their pathogenicity, the
most aggressive being considered E. coli O157:H7,
a Shiga toxin-producing variant (STEC) and
involved in foodborne infections resulting from the
consumption of insufficiently heat-treated meat
(Bouzari et al., 2018).

Another frequently isolated enterobacteria
was Morganella morganii (10%), a species without
recognized pathogenicity but responsible, together
with other enterobacteria, for the production of
biogenic amines in animal origin products (Durlu-
Ozkaya et al., 2001; Min et al., 2023). Biogenic
amines are organic compounds generated as a
result of the enzymatic decarboxylation of amino
acids in meat, the most important being histamine,
alongside putrescine and cadaverine (EFSA, 2011).
Their presence in meat and meat products is of

W Encerbacieriaceae

weesefiiterest for consumer health, since it is known that

the ingestion of food with high levels of biogenic
amines migraines, headache,
gastrointestinal disorders, and allergic reactions
(Durlu-Ozkaya et al., 2001).

Enterobacteriaceae  bacteria such as
Hafnia alvei (6%), Citrobacter braakii (3%),
Klebsiella oxytoca (3%), Moellerella wisconsensis
(3%) and Raoultella ornithinolytica (3%) were
identified in lower proportions, but their presence
should not be neglected, since they are part of the

causes
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group of microorganisms producing biogenic
amines and are opportunistic pathogens, especially
for immunocompromised individuals (Ozogul |,
2004). The use of MALDI-TOF mass spectrometry
confirmed the constant presence of these species in
raw meat (Crespi, 2025). Hafnia alvei is a
primarily  psychrotrophic ~member of the
Enterobacteriaceae family and is considered one
of the main contaminants responsible for the
spoilage of foods of animal origin, particularly
vacuum-packed products, through the action of
extracellular proteases released upon contact with
meat and meat products (Cantoni et al., 2006; Shen
et al., 2021; Huang et al., 2025). Its role as an
opportunistic pathogen is also recognized in
veterinary medicine, being responsible for enteric
or aggressive
processes,  especially  under
conditions of intestinal microbiota imbalance
(Padilla et al., 2015).

Citrobacter

infections,
inflammatory

septicaemia,

braakii, a  commensal
inhabitant of the intestinal mucosa in humans and
animals, has been increasingly isolated (10-20%).
This bacterium is recognized as an opportunistic
pathogen, frequently associated with nosocomial
infections alongside other species of the genus
Citrobacter, which

epidemiological relevance (Lee et al., 2019).

confers it  notable
Although limited data are available regarding its
role as a foodborne pathogen, the detection of C.
braakii in food products of animal origin,
wastewater, and the intestinal contents of animals
and fish suggests that it may represent an emerging
contaminant of concern for food safety (Pasquali et
al., 2025).

Klebsiella oxytoca is frequently isolated
together with Klebsiella pneumoniae in foods of
animal origin, and recent literature highlighted that
the two species may have similar antimicrobial
resistance profiles, which gives them increased
relevance for food safety (Tanni et al., 2025; Lowe
Cetal., 2012). Klebsiella oxytoca has the ability to
adhere to different material surfaces (stainless
steel, polystyrene), promoting biofilm formation
on surfaces commonly encountered in the meat
processing chain and thus facilitating cross-
contamination (Chen et al., 2021).

Moellerella wisconsensis is an emerging
contaminant of raw meat and meat products,
occasionally identified alongside Escherichia coli
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and Klebsiella pneumoniae (Germanou et al.,
2022; Wang et al., 2023). This species, frequently
isolated from animals, has been implicated in
severe human infections, with some cases resulting
in therapeutic failure owing to its broad
antimicrobial resistance profile (Stock et al,
Germanou, 2003).

Raoultella  ornithinolytica s
Enterobacteriaceae, phylogenetically very similar
to Klebsiella oxytoca, considered the most virulent

another

species of the genus Raoultella for humans (de
Alegria Puig et al., 2019). The emergence of MDR
strains has increased interest in this species in the
context of public safety (Wang et al., 2019; El-
Shannat et al., 2020). It is an opportunistic agent
spread mainly in aquatic environments, and
through the consumption of contaminated poultry
meat and seafood, sporadic foodborne illnesses
occur (Abd El-Ghany, 2021). At the same time, it
is a nosocomial opportunist causing bacteremia,
urinary, respiratory and biliary infections, or
pancreatitis in humans (Seng et al., 2016; de
Alegria Puig et al., 2019). In animals, infections
have been reported in association with pneumonia,
bovine mastitis, and septicemia (Pas et al., 2021).
While the attribution of infections to a
specific food source remains challenging, the
comparatively high isolation rates of Hafnia
alvei, Citrobacter braakii, Klebsiella oxytoca,
and Raoultella ornithinolytica from foods of
animal origin, along with their documented
potential for virulence and antimicrobial
resistance, emphasize their
microbiological food surveillance and
evaluating zoonotic transmission risks.
At the time,
Enterobacteriaceae were isolated and identified

relevance in

in
same other

with minimal frequency (less than 1%), such as

Citrobacter amalonaticus, Enterobacter
hormaechei, Klebsiella pneumoniae, Providencia
rustigianii, Serratia liquefaciens, Proteus vulgaris
and Escherichia fergusonii, but their diversity is
specific  to  environments  with  mixed
contamination. The sporadic presence of these
species indicates that the source of contamination
is not unique. The spoilage of meat and meat
products is the main effect of the presence and
multiplication of these microorganisms, but their

importance derives mainly from their capacity to
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cause foodborne infections and to develop

mechanisms of multiple antimicrobial resistance

(Donnenberg, 2013; McMillan, et al.,, 2019;
Kurcubi¢ et al., 2025).

Among the non-Enterobacteriaceae
species, Aeromonas veronii was the most

frequently isolated (11 isolates), followed by

Plesiomonas  shigelloides (3%), Acinetobacter
haemolyticus (2%), and Acinetobacter baumannii
(1%).

Water and food are considered vehicles for
the transmission of species belonging to the genus
Aeromonas and Plesiomonas (Grim et al., 2013).
The of these species,
associated with water and the aquatic environment,

suggests a possible role of the water used in the

presence frequently

technological process or of wet surfaces in
slaughtering areas. These bacterial species are not
considered priority pathogens on poultry or pork
meat intended for human consumption (EFSA,
2021), but metagenomic analyses performed on the
microbiome of slaughtered poultry have shown
that these taxa are dominant (Marmion et al.,
2023). species (4.
salmonicida, A. hydrophila, A. sobria, A. caviae)
have been isolated from minced poultry meat,

Various  Aeromonas

showing that these taxa have the capacity to
colonize meat and to resist refrigeration
temperatures, facilitating their persistence in the
distribution chain (Praveen et al., 2016; Erickson et
al., 2023). There is little evidence of the
involvement of this

gastroenteritis as a result of consuming chicken or

species in  human
fish meat, although Aeromonas veronii has also
been isolated from human faeces, wounds and
nasal secretions, suggesting a potential opportunist
under certain conditions (Fernandez-Bravo, 2020).

Plesiomonas shigelloides is recognized as
an emerging enteric pathogen transmitted through
contaminated water and food, and it is mainly
associated with outbreaks of gastrointestinal
disease linked to the consumption of fish (Cortés-
Sanchez et al., 2021). Some reports have also
described systemic infections accompanied by
significant mortality (Forsythe, 2016). This species
exhibits a broad host tropism, colonizing the
intestines of aquatic poultry—
particularly waterfowl such as ducks and geese—
as well as various mammals (Yaikhan et al., 2025).
The prevalence of P. shigelloides-associated

organisms,
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gastroenteritis varies by season and geographic
region, occurring sporadically in North America
and Europe but with markedly higher frequencies
in Southeast Asia and Africa (Ekundayo, 2018).

Species of the genus Acinetobacter are
common saprophytic bacteria and are therefore
frequently detected in raw meat; however, in our
study, their isolation frequency was very low (1—
2%). Although generally considered low-virulence
agents (Askari et al., 2019), their pathogenic
potential is associated with their ability to form
biofilms on both animal and non-animal surfaces,
as well as the presence of multiple antibiotic
resistance genes (Elbehiry et al., 2021). Previous
studies have highlighted the potential of raw meat,
especially poultry meat, as an emerging vector in
the dissemination of multidrug-resistant strains of
taxa from the genus Acinetobacter, and especially
of the species 4. baumannii (Lupo et al., 2014).
Strains of Acinetobacter baumannii isolated from
raw meat have a surprising genetic diversity, but
some of them turned out to be closely related to
strains isolated from human infections, which
demonstrates the potential role of meat as a vector
for the transmission of these opportunistic
pathogenic bacteria (Hamze et al., 2025).

The observed differences in the prevalence
of
Enterobacteriaceae

Enterobacteriaceae Versus non-
species  suggest  that
contamination primarily originates from enteric
sources, while secondary contamination may arise
from the processing environment, including water,
air, and equipment. These results highlight the
critical need for stringent microbiological control
measures across the entire production chain, in full
compliance with HACCP principles, to mitigate
potential food safety risks

Food safety in the Republic of Moldova is
undergoing adaptation and
modernization to align with European Union
standards. Progress in harmonizing the legislative
framework and implementing food safety measures
has facilitated the expansion of an increasing
number of Moldovan food products into European
markets. Nevertheless, the effectiveness of the
monitoring system, laboratory capacity, product
traceability, and enforcement of biosecurity

continuous

measures still require strengthening to meet EU
requirements, ensuring the quality and safety of
foods of animal origin. The EU food safety policy
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follows a 'from farm to fork' approach, an
integrated legislative framework designed to
guarantee a high level of safety for all food
products marketed within the EU, encompassing
the entire food chain from plant and animal health
to production, processing, transport, import,
export, and sale. (UNIDO, 2023).

This study is limited by the small sample
size (n = 13) and sampling from a single location
in the Republic of Moldova, which restricts the
generalizability and statistical representativeness of
the results. Antimicrobial resistance profiles were
not evaluated, although many of the isolated
species are known to exhibit significant resistance.
The study’s primary focus was on screening Gram-
negative microbiota in raw poultry and pork meat
from commercial units in Balti (Republic of
Moldova), highlighting the need for expanded
testing and modernization of diagnostic methods
for effective food safety monitoring.

Although the sample size was relatively
small, Gram-negative pathogens of major
consumer relevance—such as Salmonella enterica,
Shigella  dysenteriae, Yersinia enterocolitica,
Campylobacter jejuni, Campylobacter coli, were
not detected. In conclusion, the results are
encouraging; however, continuous monitoring and
strict adherence to hygiene and biosecurity
measures throughout the food production chain
remain essential.

CONCLUSION
This study demonstrates the presence of

diverse Gram-negative bacteria in refrigerated
meat marketed in Balti, mainly from the family
Enterobacteriaceae, including species capable of
producing biogenic amines. Although major
enteropathogens were not detected, enteric
contamination highlights the ongoing need for
strict hygiene practices, improved diagnostic
methods, and expanded national monitoring. The
use of MALDI-TOF MS proved effective for rapid
and accurate identification of microbial
contaminants, supporting its application in the
early detection of potential emerging foodborne
pathogens
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